SUMMARY: Based on quantitative samples taken along 4 transects in mobile hard-bottom intertidal areas of the Canal Whiteside, Magellan region, biotic composition, abundance and distribution patterns are described. The intertidal substrates, mainly formed by boulders and cobbles, represent highly heterogenous habitats from the structural point of view, and demonstrated a species richness higher than previously mentioned in some preliminary reports. Community structure parameters (abundance, species richness, diversity, and evenness) were not homogenous in the study areas, suggesting local dynamics. Differences in the vertical distribution of organisms were also found, suggesting changes of the zonation pattern along the beach profile. The macrofaunal assemblages were dominated by few species, with different specific compositions between transects. In general, representatives of Mollusca (Mytilus chilensis, Perumytilus purpuratus), Polychaeta (Hemipodus simplex), and Amphipoda (Paramoera fissicauda, P. brachyura, Transorchestia chilensis) were the numerically dominant groups. In terms of biomass, molluscs were highly dominant, mainly M. chilensis and P. purpuratus. Among the macroalgae, rhodophytes were the group with the highest presence, but Ulva lactuca (Chlorophyta) was the dominant species. In the upper sandy terrace, no macroorganisms were found. Several species found at Canal Whiteside have a wide circumpolar distribution in Sub-Antarctic regions.
INTRODUCTION
Along the shoreline of the Magellan region, a typical and representative mobile hard-bottom substrate is formed by boulder-cobble intertidal fields, originated by glacial processes about 12,000 years ago (Clapperton et al., 1995) . From a structural point of view, this type of physical habitat can be considered as an intermediate situation between soft substrate (e.g. sandy beaches) and typical hard-bottom substrate (i.e. rocky shores).
Initial studies in this intertidal habitat started after the 1974 "Metula" oil spill in the Straits of Magellan (see Guzmán and Campodónico, 1981) . More recently, some community characteristics have been preliminarily described in areas located at the Cape Horn Archipelago (Ríos and Guzmán, 1982; Guzmán and Ríos, 1986 ) and at several sites in the Strait of Magellan (Ríos and Gerdes, 1997; Ríos and Mutschke, 1995; Mazzella and Gambi, 1993) . A low species richness and diversity has been reported especially for some sites in the Straits of Magellan (BenedettiCecchi, 1996) . Recently, Benedetti-Cecchi and Cinelli (1997) have shown inconsistency in patterns of vertical distribution (i.e. no general pattern of zonation) of macroalgae and invertebrates in rocky intertidal sites in the Straits of Magellan.
Specific studies have been developed on individual growth, reproductive biology, and distribution and abundance of some dominant boulder-cobble intertidal species Santana, 1997; Guzmán, 1978; Langley et al., 1980; Miranda and Acuña, 1979) .
The aim of this paper is to provide, in a broad sense, a description of the macrofaunal and floral assemblages and their distribution and density patterns, based on surveys carried out in a boulder-cobble intertidal system located in a secondary branch of the Straits of Magellan. Analysis of vertical distribution patterns of species in this intertidal habitat was done in order to define zonation patterns, which are known from other intertidal boulder-cobble fields (e.g. Ríos and Guzmán, 1982; Guzmán and Ríos, 1986) in the Magellan region. Finally, our results are compared with information reported from other Subantarctic areas.
MATERIAL AND METHODS
Data used in this paper were collected during November 1994 in Canal Whiteside, located in the eastern part of Isla Tierra del Fuego (Fig. 1) . Canal Whiteside is considered as one of the two secondary basins, which branch off from the basin of Punta Arenas. It is about 90 km long and 10-15 km wide (Brambati et al., 1991) . No information is avaliable in relation to hydrography or biological features of this area.
In the sampling area, the intertidal zone consisted physically of an upper sandy-gravel beach and a terrace of boulder-cobble substrate, originated from deglaciation processes, which occurred in the Magellan region ca. 12.000 years ago (Uribe, 1982) . In this area, boulders and cobbles rest on a sandy-sediment matrix (Fig. 2) . Types of sediments are classi-fied according to the Wentworth grade classification (Buchanan, 1984) .
Four transects of the beach separated by 1 km each and differing in the length of the upper sandy fringe and boulder-cobble terrace were selected to describe distribution and abundance patterns of macroalgae and macrofauna. In each transect, samples were taken in lines 4 m wide each, running perpendicular to the shoreline from the top of the intertidal zone to about mean low tide level. Transect profiles (Fig. 2) were done according to Emery's (1961) method.
Specific sampling points along the transect profiles (see positions in Fig. 2) were determined by the beach width during low tide. In the upper sandy fringe, three random samples of sediment were collected in each sampling point using squares of 50 x 50 cm and 15 cm (sandy sediments) or 20 cm depth (boulder-cobble area). They were sieved in situ over 1 mm mesh size to retain the macrofauna. In the boulder-cobble terrace a mixture of sampling procedures was employed, but always three random samples were taken at each sampling point. First, all the macroorganisms attached or found on the undersurface, sides or below the boulders or cobbles, present on a surface of 0.25 m 2 were manually collected. In a second step, each boulder or cobble inside the 0.25 m 2 surface was lifted onto its side or overturned and all the sediment below was collected and sieved in situ over 1 mm mesh size to sort the macroinfauna fraction. All sorted biological material was fixed in 5 % buffered formalin for later analysis. Harpagifer bispinis (Schneider) 1/6.9 ---cover estimations using an optically-sighted pointframe of 0,25 m 2 , with 100 points defined by superimposed pairs of cross wires. At each sampling point, three of the four squares were evaluated.
All collected animals of each species or major taxon were counted and their wet weight was determined after blotting on filter paper until dry. Mean abundance and biomass data of each species or of major taxa (on m 2 basis) were calculated for each sampling point.
Numerical procedures employed for the analysis of the biological data were performed using the Plymouth Routine In Multivariate Ecological Research (PRIMER) computer package (Clarke and Warwick, 1994) . Using logarithms to base "e" indices of species richness (Margalef's d), Shannon-Wiener diversity (H') and evenness (Pielou's J) were calculated and the significance of the differences between transects was tested by one way ANOVA. Comparisons among values were done with the unplanned multiple comparison test LSD (Least Significant Difference; Sokal and Rohlf, 1995) . Hierarchical clustering technique (PRIMER routine CLUSTER) was used to discriminate groups of samples and to show faunistic zonation patterns along the beach profiles of transects 1, 2, and 3. Transect 4 was not considered in the analysis due to the physical features of the beach which allowed samples to be taken at only three sampling points (see Fig. 2 ). Similarity was estimated by the Bray and Curtis (1957) similarity coefficient measure for double square-root transformed species abundance data.
RESULTS
An important feature of all transects was the total absence of macrofauna (animals >1mm) and macroalgae species in the upper sandy fringe. Consequently, all further descriptive analyses are valid for the terrace of boulders and cobbles as the main site for the establishment of intertidal macrobenthic communities.
A total of 6 taxonomic groups and 60 species were collected from the four transects. Macroalgae were present with 17 species, polychaetes with 11, crustaceans with 12, molluscs with 17, echinoderms with 2, and one fish species was found. All species of actinians, turbellarians, nematodes, nemerteans, oligochaetes and holothurians were considered as one taxon each (Table 1) .
Average abundance in terms of number of individuals m -2 varied between 144.7 (transect 1) and 1677.3 in transect 4 (Fig. 3) . The highest biomass values were obtained in transect 4 (3300.8 g/m -2 ) and the lowest (336.2 g/m -2 ) in transect 2 (Fig. 3) . Differences in mean abundance and biomass for the four transects were statistically significant (ANOVA; p < 0.001). The unplanned multiple comparison test LSD applied to the mean number of individuals indicated that values of transect 4 differ significantly from the other three transects (p < 0.05), whereas no significant differences occurred between transect 1 and 3 (p = 0.286) and transect 2 and 3 (p = 0.143). The same test applied to biomass values showed that transect 4 differed significantly from the other three transects (p < 0.0001), and the differences between transects 1, 2 and 3 were not significant (p > 0.05).
The composition of species and major taxa also was highly heterogenous between the transects. High dominance of few species or major taxa and high numbers of taxa comprising less than 2 % of the total number of individuals were characteristic of all four transects (Table 2) . A high number of species (n = 40) was collected in transect 1, but the dominance of 29 species and major taxa was less than 2 %. In this transect the amphipod Paramoera fissicauda was the dominant species (23 %) followed by the bivalves Mytilus chilensis (15 %) and Perumytilus purpuratus (14 %). A total of 11 species and taxonomic groups were collected in transect 2, and P. purpuratus (49 %) and M. chilensis (47 %) were the numerically dominant species. Both bivalve species were also dominant in transect 3 and 4, and in the later transect, M. chilensis represented 89 % of the total number of individuals (Table 2) A total of 17 macroalgae species were determined for the studied area (see Table 1 ), however, with high variability in abundance between the four transects. Species number ranged between 3 (transect 4) and 10 (transect 3). On average, Ulva lactuca was the most abundant species in this area.
Species richness and diversity were not homogeneous (Fig. 4) . According to ANOVA applied to each index used, richness (F=5.558; p=0.004), diversity (F=6.03; p=0.002) and evenness (F=5.858; p=0.003) were significantly different between transects. The unplanned multiple comparison test with LSD suggests possibilities to cluster the transects into different categories according to the utilized index. Richness in transects 2 and 3 was significantly different from values obtained in transects 1 and 4. For H' it is possible to group transects 2, 3, and 4 which differed significantly from transect 1. Evenness obtained for transect 4 differed significantly from those calculated for transect 1, 2, and 3.
Measurements of similarity of species abundance between samples by means of cluster descriptive analysis are shown in the dendrograms of Figure 5 . High heterogeneity was obtained at stations 1 and 2 in all transects, and relatively high homogeneity at stations 3-4, 5-6 in transect 2 and stations 11-16 in transect 1. Station 7 from transect 3 (with only three species and low abundance each) also has a great dissimilarity compared to all the other sampling stations of the transect. Independant of the similarity level chosen for grouping, stations in all transects can be ordered according to their position on the beach profiles, i.e. no samples from the upper part of the beach are grouped with samples taken down on the shore. At an arbitrary similarity level of 50%, 198 C. RÍOS and E. MUTSCHKE TABLE 2. -Percent dominance in number (N) and biomass (B) of taxa in the four transects (T-1 / T-4) of Canal Whiteside, Tierra del Fuego.
Category "Others" includes all animals with dominance ≤ 2 %. * indicates presence but ≤ 2 % dominance of the corresponding taxa. samples are divided into 6 groups in transect 1, and 4 in transect 2 and 3. These groups can be associated with different beach height.
DISCUSSION
Data on structure and organization of marine intertidal communities are scarce for the Magellan region, although some effort has been made to describe the main features of the assemblages inhabiting the intertidal boulder-cobble system of the region (e.g. Guzmán and Campodónico, 1981; Ríos and Guzmán, 1982; Guzmán and Ríos, 1986; Cornejo, 1996; Ríos and Gerdes, 1997; Benedetti-Cecchi and Cinelli, 1997) .
One important feature of this type of intertidal zone is the relatively high level of species richness found with more intensive surveys at some localities. In our study we recognized at least 17 macroalgae species and 44 macrofauna species, even though we excluded from the analysis taxa such as actinians, turbellarians, nematodes, nemerteans, oligochaetes and holothurians due to restricted taxonomic knowledge. In Bahía Laredo, which presents a similar type of physical habitat, Ríos and Gerdes (1997) recognized at least 26 invertebrate species inhabiting the top surface of boulders and cobbles, and the molluscs Mytilus chilensis, Laevilittorina caliginosa, Kerguelenella lateralis, Pareuthria plumbea, Nacella deaurata, Acanthina monodon and Trophon geversianus were most abundant. Cornejo (1996) determined at least 56 macroalgae species in the same area. According to Mutschke et al. (in press) at least 110 benthic species including macroalgae and macrofauna occur in the bouldercobble intertidal zone in the Straits of Magellan inhabiting the top surface of rocks, the interstitial area and fine sediment below the boulders and cobbles. These results are in contrast with those published by Benedetti-Cecchi (1996) and Mazzella and Gambi (1993) , who reported both low species richness and diversity for some intertidal zones in the Magellan areas, but based on more restricted and isolated sampling effort.
As has been reported for Subantarctic and Antarctic areas (e.g. Arnaud, 1992) and for the Straits of Magellan (e.g. Ríos and Gerdes, 1997) , the biotic assemblages of intertidal boulders and cobbles at Canal Whiteside were highly dominated by one or two species, whereas the others were rare or very rare. In this sense, the studied community can be considered as a Mytilus chilensis-dominated community, with mussels forming a single-layer bed. Interestingly, the microhabitats formed by M. chilensis do not enhance species richness by the establishment of specific assemblages of different sessile and mobile organisms, as has been suggested as typical for mussel beds (e.g. Alvarado and Castilla, 1996) . Transect 1, with its lower M. chilensis dominance as compared to the other three transects showed the highest species richness. Dominance of mussels in abundance and biomass (mainly Mytilus chilensis and Perumytilus purpuratus) seems to be characteristic of communities in boulder-cobble covered areas in the Magellan Region. Other typical epifauna species of this habitat are the herbivorous limpets of the genus Nacella, which have a wide circumpolar distribution (e.g. South Georgia: Davenport, 1997; Heard Island: Smith and Simpson, 1985; Macquarie Island: Simpson, 1976a) . In Antarctic areas, N. concinna is the dominant limpet in some intertidal areas (e.g. Camus, 1995; Knox, 1994; Castilla and Rozbaczylo, 1985) . In the Magellan Region, N. magellanica and N. deaurata are the dominant species of this genus (e.g. Ríos and Gerdes, 1997; Ríos and Guzmán, 1982) . Circumpolar distribution occurs also in other faunal and floral elements of the studied intertidal area. Macroalgae such as Enteromorpha, Porphyra, Adenocystis, Urospora, and Iridaea have been reported for the intertidal zone of Robert Island in the Antartic Peninsula (Castilla and Rozbaczylo, 1985) , and Porphyra and Enteromorpha are common in the solid-rock intertidal zone at Macquarie Island (Simpson, 1976b) and Heard Island (Smith and Simpson, 1985) . Benthic species like the isopod Exosphaeroma gigas, the chiton Plaxiphora aurata, and also the genus Anasterias (sea star) are present in solid rocky-shore substrates at Macquarie Island, but those types of habitat are largely dominated by macroalgae (Simpson, 1976b) . Arnaud (1974) found, in an extensive study of Antarctic and SubAntarctic marine benthos at Kerguelen Island, several animal species, which also occurred at Canal Whiteside, like the brachyuran Halicarcinus planatus and the gammarids Paramoera fissicauda and Hyale hirtipalma. These results are consistent with the biogeographical regions mentioned by Knox (1994) for the benthos of the Southern Ocean, which include the Magellanic sub-region as a Sub-Antarctic District as well as areas located in the eastern part of the Pacific like Heard Island, Macquarie Island and Kerguelen island. Recently, it turned out that the decapod fauna of the southern tip of South America includes species with Antarctic distribution (Arntz et al., 1999) .
Although the grouping provided by the cluster analysis must be regarded with a certain degree of caution, our results suggest a clear zonation pattern of species along the transects of a boulder-cobble shore, in contrast to results of Benedetti-Cecchi and Cinelli (1997) , who concluded from a small data base the non-existence of a general pattern of zonation in the rocky intertidal of the Straits of Magellan. Bahía Laredo, one of the areas studied by Benedetti-Cecchi and Cinelli (1997) and erroneously considered as a (sic) "site with continuous rocky shore", represents a typical boulder and cobble intertidal zone similar to the shore of Canal Whiteside studied by us. For that area, Ríos and Gerdes (1997) reported differences in the vertical distribution of epifaunal species, a pattern also found in Canal Whiteside.
